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ABSTRACT 
Sebum collected from t high , scalp , bac k, a nd face skin of adul t males was exam ined for 
t he presence, in either free or conjugated state, of seven androgens . Estimates of t he 
quantities present were made by gas chromatographic a nalys is ailer separat ion of free from 
conjugated steroids, solvolysis of t he conjugates, prelimin ary purification by thin -layer 
c hromatography, and formation of t he t rimethylsilyl derivative of t he hydroxysteroids. 
Losses during t hese procedures were estimated by measurin g t he recovery of 3H -labeled 
steroids added to t he sebum before treatment. Su ggestive evidence was found for t he 
presence of a ndrostanedione , androstened ione, dihyd rotestosterone, androsterone, and 
dehydroepiandrosterone. The a mounts obtained were much lower t han values that have 
been reported prev iously and were in sufficient for full characterization . Testosterone and 
etiocholanolone were not detected. 
A role for t he sebaceous glands in t he excretion 
of androgen ic steroids has been suggested by 
Dubovyi [1] a nd by Oertel and Treiber (2] who 
analyze d seb um co ll ected from t he scalp and 
thigh , respectively, and reported fi nding micro-
gram amounts of steroids. S in ce t hese aut hors 
used spectrophotometric methods which m ay 
overestimate quantities , we considered it worth-
whi le to attempt to confirm t hese res ul ts us ing gas 
chromatography (GC) and to examine also t he 
face and bac k, a reas of m ajor sebaceous gland 
activity. Sebum from adult m ales was coll ected 
from t h ese sever a l s ites, and radioactive steroids 
were a dded to m oni tor recovery . After preliminary 
purification and derivative formation t he qu ant i-
ties of severa l androgeni c or C ,9-steroids were 
estimate d by gas chrom atography. Identification 
was based on t he peak augmen tation when small 
amounts of known compounds were chrom ato-
graphed s imul taneous ly with t he sample . S ugges-
tive evidence was fo und for the presence of a 
num ber of a ndrogenic ste roids incl uding 
dihydrotestosteronet, a compound which has not 
been recovered prev iously from sebum . Our quan-
titative resu lts suggest, however, that previous 
reports overestimate the quan t iti es of androgen ic 
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or C 19-steroids in sebum by factors of 3 to 100 
depending on t he particular compound . 
MATERIALS AND METHODS 
Solvents. Analytical-grade olvents were distill ed in 
an all -glass system through a 60-cm Vigreux colu mn . 
Chloroform was distilled once. Cyclohexane, acetone, 
methanol, ethanol, and benzene were dist illed twice. 
n-Butanol was distilled once over KOH, then redistilled 
wi thout KOH. Petroleum ether was washed with con-
centrated H ,SO, unt il the acid no longer turned yellow, 
then was washed successively with water, 8% NaHCO,, 
and water until neutral. It was dried over Na 2SO, and 
then disti ll ed twice. Diethyl ether was washed with 50 
ml/l of a 13% AgNO, solution, then with 100 ml/1 of N 
NaOH. After washing to neutrality with water, the ether 
was distil led. Ethyl acetate was stored over K,CO, 
overnight then disti lled once over fresh K ,CO, and once 
without any K,CO, . 
Radioactive ·steroids. Androstanedione-1 , 2- 'H was 
synthesized from androsterone-!, 2-'H by chromic oxi-
dation according to Neher, Desaulles, Visher, Wieland, 
and Wettstein [3). Ten 11 Ci of the parent compound were 
dissolved in 0.5 ml of pyridine, and 2.0 ml of 1% CrO, in 
pyrid ine were added. The reaction mixture was allowed 
to stand at room temperature for 16 hr. The pyridine 
solut ion was diluted with water and extracted with 
chloroform: ether (1: 3) three times, then the organ ic 
phase was washed wi th 6 N HCl, 0.1 N NaOH, and water 
unt il neutral. The der ived product was separated from 
the parent by thin -layer chromatography in a system of 
benzene: ethyl acetate (7: 3). Other ' H-labeled steroids 
were purchased from New England Nuclear Corp. T heir 
specific activity was approximately 40 Ci/mmole. 
Thin-layer plates . Plates (20 x 5 em) were coated with 
a 0.25-mm layer of Silica Gel G (Brinkmann Instru-
ments). T he plates were washed for 48 hr with methanol, 
then for 48 hr with ben zene, using descending elution . 
The plates were activated for 1 hr at 100° C, then stored 
in a desiccator over CaCl,. 
Collection of sebum. Sebum was collected from the 
thigh and back by swabbing the skin with cotton or 
rayon balls soaked in solvent. Before use, the balls were 
extracted wi th several changes of ethanol- acetone ( 1: 1), 
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and then allowed to air-dry. Each area of the thigh or 
black skin was swabbed twice, first with ether- ethanol-
water (1: 4: 1), and then with ethyl acetate. 
Collections from the thighs were carried out in 12 
normal male subjects. Surface lipid was extracted from 
both anterior th igh surfaces (approximately a 100-crn' 
area for each} in all subjects and the collections were 
pooled . 
In 11 men , washings were obtained from the entire 
upper back area (approximately a 500-cm' area for each} 
and again· the collections were pooled for analysis. 
The solvent-soaked balls were transferred to a large 
Soxhlet extractor and extracted with ethanol- acetone 
(1: 1). The solvent was removed from the extract by 
evaporation under reduced pressure. 
Facial seb um was collected from 10 normal men using 
the same solvents as for t he thigh and back. However the 
solvents were pipetted directly onto the skin surface in 
glass cups with an internal area of 10 ern'. Both sides of 
the forehead were sampled and all collections from all 
subjects were combined. 
Scalp sebum was collected by washing the scalp 
directly with ether. The solvent was removed by evapo-
ration and the sebum was weighed. 
Addition of radioactive steroids. Radioactive steroids 
were added to t he sebum in order to monitor the losses 
incurred during the purification procedures and also to 
make it possible to locate zones on thin-layer chromato-
grams by scanning the plates for radioactivity. As each 
of the steroids was added to the sebum, an equal amount 
was measured into a sc intillation vial to serve as a 
standard for t he radioactivity added . Approximately 1 
~tCi of each of the following steroids was added to the 
samples of thigh, back, and face sebum: androstane-
diane, androstenedione, dihydrotestosterone, and testos-
terone (all 1, 2- 3H). Dehydroepiandrosterone sulfate {7-
'H} was added to the pooled sample of facial sebum. The 
large sample of scalp sebum was divided into three 
aliquots, each of which received androstanedione and 
androstenedione plus either testosterone or etiocholano-
lone (1, 2-'H) and one of the following : dihydrotestoster-
one, androsterone ( 1, 2-'H}, or dehydroepiandrosterone 
(7- 'H) . This scheme was adopted because testosterone 
and etiocholanolone are difficult to separate from each 
other by thin-layer chromatography, as are dihydrotes-
tosterone, androsterone, and dehydroepiandrosterone . 
The percent recovery of all these steroids could be 
measured simultaneously only in the scalp sebum sam-
ple, which was large enough to be divided into three 
parts without sacrificing the sensitiv ity of the analysis. 
Removal of protein and nonpolar lipids . The sebum 
was dissolved in methanol and water was added to 
reduce the methanol concentration to 70%. The mixture 
was stored overnight at - 20° C. The solid material was 
separated by centrifugation in the cold . Before being 
discarded, the pellet was washed twice by resuspension 
in cold 70% methanol and recentrifugation and the 
washings were added to the origin al supernatant. The 
methanol solution was partitioned against hexane. The 
hexane layer was backwashed with fresh 70% methanol 
before being discarded. 
Hydrolysis of conjugated steroids. For enzymatic 
hydrolysis t he dried sample was incubated for 72 hr at 
37° C with "Glusulase" (Endo Laboratories, Inc.) con-
taining 10,000 units of iS-glucuronidase and 5,000 units·of 
sulfatase dissolved in 4 ml of acetate buffer, pH 4.5 . For 
HCIO, solvolysis the method of DePaoli, Nishizawa, and 
Eik-Nes was followed [4]. The dried sample was dis-
solved in 100 ml of water . After 50 gm of (NH,) ,SO, were 
dissolved in the aqueous solut ion, the conjugates were 
extracted with two 25-ml portions of ethyl acetate . The 
ethyl acetate was removed by evaporation and the 
residue was redissolved in 50 ml of ethyl acetate contain-
ing 0.01 M HClO,. The solvolysis was allowed to proceed 
at room temperature for 3 _hr; the solution was then 
washed with 5 ml of 10% aqueous KOH followed by 1 ml 
of water. The ethyl acetate was removed by evaporation , 
and t he residue was dissolved in 35 ml of 1% ethanolic 
KOH. The reaction mixture was held at room tempera-
ture for 1 hr in order to hydrolyse any acetates formed 
during solvolysis. The solution was then diluted wi th 
water and the freed steroids were extracted with two 
20-ml portions of petroleum ether- benzene (1: 1) . Thin-
layer chromatography revealed t hat the added 'H-dehy. 
droepiandrosterone sulfate was virtually completely hy-
drolysed by this procedure. No destruction of the dehy-
droepiandrosterone was observed when the solvolysis 
time was limited to 3 hr. 
Thin-layer chromatography. Free steroids were sepa-
rated from conjugated steroids in a solvent system of 
t-butanol-ethyl acetate-5 N NH,OH (41: 50: 20) [5]. The 
free steroids were then separated into four fractions in 
chloroform-ether (95: 5). The fractions and their re-
spective Rf values were: I, testosterone and etiocholano-
lone, Rf ~ 0.28; II, androsterone, dehydroepiandroster-
one, and dihydrotestosterone, Rf = 0.44; III, andros-
tenedione, Rf ~ 0.62 ; and IV, androstanedione, Rf = 
0.80. For further purification , fractions I and II were 
each rechromatographed in cyclohexane- ethyl acetate 
'40: 60). Fractions III and IV were each rechromato-
graphed in benzene- ethyl acetate (80 : 20). 
Derivative formation. In order to increase the sensitiv-
ity of the gas chromatography, t he hydroxysteroids were 
converted to their t rimethylsilyl derivatives. The dried 
steroid -containing extract was dissolved in 0.15 ml of 
hexamethyldisilazane (Supelco, Inc.) and then 0.05 ml 
of trimethylchlorosilane (K and K Laboratories, Inc.) 
was added. The reaction mixture was heated to 60° C for 
30 min , the liquid evaporated under a stream of N 2 , and 
the derivatives redissolved in hexane . The insoluble 
residue was removed by centri fugation. The volume of 
all samples was adjusted to 50 ~tl. Solutions of aut hentic 
steroids and derivatives were prepared at a concentra-
tion of 10 ng/~tl. 
Determination of percent recouery. Five ~tl of each 
sample (Y!o of total) were transferred to a vial for liquid 
scintillation counting. By multiplying the cpm in this 
vial by 1000 and dividing the result by the cpm in the 
vial prepared at the time that the 'H-steroid was added 
to the sample, we were able to determine the percent 
recovery of each steroid. 
Gas chromatography. The gas chromatographs used 
were an F & M Model 402 and a Packard series 7400. 
Both instruments were eq uipped with flame ionization 
detectors, and contained columns of 3% OV 17 on 
Diatoport S (80-100 mesh). The column temperature 
was 240° or 250° C for the (underivatized) androstene-
dione and androstaned ione and 220° or 240° for the silyl 
ethers of the other steroids. Five ~tl of each sample (Yto of 
total) were injected into t he gas chromatograph, alone at 
first and a second t ime with a small amount of authentic 
steroid for peak augmentation analysis [6]. In case 
where peaks were found in the sample with retention 
times corresponding to those of authentic steroids, the 
peak heights were compared with the heights of peaks 
formed by known amounts of authentic steroids. 
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RESULTS 
Our examin ation of surface sebum fro m t he 
thigh did not reveal t he quan~ities of andro~ens 
reported by Oertel and Tre1ber [2 ). In fact, 
evi dence was obtained for t he presence of only 
dihydrotestosterone and androstanedi one. An-
drosterone, etiochola nolone, androstenedione, and 
tes toste r one were not detected. Oertel and Treiber 
reported t h at they found 1.6 JLg of a ndrosterone, 
1.3 f..Lg of ethiocholanolone, 0.8 !J.g of androstene-
dione, and 0.2 !J.g of testosterone in the non conju-
gated steroid fract ion from t he surface li pid ex-
traction of a 100 em' area of t he t high . Since we 
could not detect any of t hese steroids, we have 
calculated , for each of t hem , t he minimum level 
detectab le by our methods. T his figure would 
represent the m ax imum a moun t of a given steroid 
which could h ave been presen t in our sample 
without being detected . The formu la used for the 
thigh , back, and face samples was: 
maxi mum ng of steroid/100 em ' of skin 
minimum ng detectable on GC x 10 
% recovery em 2 of skin swabbed 
X 
100 100 
The following formula, used for t he scalp sample, 
made it poss ibl e to compare our data on scalp 
sebum w it h t h ose of Dubovyi [1) : 
maximum ng of steroid/gm of sebum 
minimum ng detectable on GC X 10 
% recovery 
X gm of sample 
100 
The resu lts of the calcul ations from the t hi gh 
sebum data (Table I) in each case indicate t hat we 
could have d etected t he leve ls of free steroids 
reported by Oertel and Treiber. 
In t he experimen t described above, t he 3H -
labeled steroi ds were added to the sebum after its 
extractio n from the cotton ball s and any loss of 
stero ids due to incomplete extraction would not 
have been reflected in t he recovery of t he t racer 
steroid s. In a separate experimen t, done to in ves-
tigate: the possibili ty of error from t his source, 
'H-androsteron e was added , prior to t he extrac-
tion step, to t he cotton which had been used to 
swab the t high skin of t hree men (a total of 600 
cm2 of s kin) . T he 3H-androsterone was first dis-
solved in ether. T he cotton was added to t his 
solution a nd ag itated whil e t he ether solu t ion was 
evaporated under a stream of warm air. T he 
cotton was ext racted t hree times with 800 ml of 
ethanol- acetone (1: 1). T he solve nt was re moved 
and t he sample was made up to 10 ml with 
methanol. The sample was divided into two 5-ml 
aliquots. Two water blanks were prepared , each 
containing 3H-androsterone . All sa mples were 
processe d as described under Materials and 
TABLE I 
Estimates of the quantities of several free and 
conjugated androgens in sebu m from the thigh. 
lnstru-
Ng detected ment Esti-sensi· mated in injected tivity Steroid maxi -aliquot (mini- recovery mum (1/ lOof mumng (%) ng/100 sample) measur-j cm2 
able on 
GC) 
Exp. I 
Free 
Androstanedione Trace 20 53 < 16 
Androstenedione None 20 69 < 12 
Testosterone None 10 17 < 25 
Conjugated* 
Androstanedione Trace 20 - < 8t 
Androstenedione None 20 - < 8t 
Testosterone None 10 - < 4t 
Dihydrotestos- Trace 10 - < 4t 
terone 
Exp. II 
Free 
Androsterone None 10 30 111 
Total :j: 
Etiocholanolone None 10 56§ 60 
For Exp. I sebum was collected by swabbing both 
thighs of 12 men (approx imately 2400 em 2 of skin) a de-
scribed in Materials and Methods . For the estimate of 
androste rone in Exp II the sebum was collected by swab-
bi ng 300 em 2 of skin . A separate sample of sebum for 
the etiocholanolone estimate was collected similarly. 
*T he conjugated fraction was subjected to HClO, 
solvolysis. 
t These estimates are not corrected for recovery. 
:j: The whole sample was subjected to enzyme hydrol-
ysis without preliminary separation of free from conju -
gated steroids. 
§ This fi gure is based on the recovery of added free 
'H-etiocholanolone and woula not reveal incomplete 
hydrolysis of the conjugates. 
M ethods, but we omi tted the step to remove the 
materia l insolub le in 70% methanol, t he t hin -layer 
chrom atography step to sep arate free from conju -
gated steroids, and t he solvolys is reaction . The 
recovery of 3H -androsterone was measured as 
usual, after s ilyl ether formation a nd before gas 
chromatography. T he recoveries fo r the sebum 
samples were 30 and 37 percent, whil e the va lues 
for t he blanks were 37 and 52 percen t. T hus it 
ap pears proba ble t hat no substanti al losses of free 
steroids were incurred because of incomplete ex-
traction from the cotton swabs. 
Oertel and Treiber a lso reported fi nding su l-
foconjug ates of androgens in t he t high seb um 
samples [2 ]. Etiocholanolone s ulfate was reported 
in t he highest a moun t, 14.5 JLg/100 cm 2 of skin. We 
could not detect any etiocholanolone after pro-
longed enzyme hydrolysis. Assuming com plete 
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extraction from the cotton, as little as 0.18 J.Lg 
could have been detected in sebum from 300 cm 2 
of skin. 
An analysis of scalp sebum (Table II) was made 
to compare with the results of Dubovyi, who 
reported 12-27 J.Lg of free androsterone, 18-26 J.Lg of 
free dehydroepiandrosterone, and 1.9- 19 J.Lg of free 
androstanedione per gm of scalp sebum [1 ]. We 
found evidence for no more t han 0.6 J.Lg of free 
androstanedione and even less of free androster-
one and dehydroepiandrosterone. 
In order to investigate androgen excretion in 
areas of skin subject to acne, sebum from the 
upper back (Table Til) and forehead (Table IV) 
was studied. Evidence was found for the presence 
TABLE ll 
Estimates of the quantities of several free androgens in 
sebum from the scalp . Sebum was collected by washing 
three men's scalps with ether and pooling the washes . 
lnstru-
Ngde· ment Esti-
tee ted sensi- mated 
in in - tivity Steroid Wt. of maxi -jected (mini- recovery sebum mum 
aliquot mum ng (%) (gm) ng/gm (1/10 of meosur- of 
sample) able on sebum 
GC) 
Androstanedione Trace 20 23 .620 < 1403 
Androstenedione Trace 20 64 .940 <333 
Testosterone None 10 70 .940 < 152 
Etiocholanolane None 10 58 .766 < 225 
Diqydrotestoster- 13 10 32 .766 530 
one 
Dehydroepian- Trace 10 81 .620 < 200 
drosterone 
Androsterone Trace 10 75 .940 < 142 
TABLE III 
Estimates of the quantities of several free androgens in 
sebum from the upper back. Sebum was collected by 
swabbing the backs of 11 men (app roximately 5500 em 2 
of skin) 
lnstru · 
Ngde- ment Esli· sensi-tected in tivity Steroid mated injected maxi-
aliquot (mini- recovery mum 
(1/10 of mumng (%) ng/100 
sample) rneasur- c m :t able on 
GC) 
Androstanedione Trace 20 35 < 12 
Androstenedione Trace 20 54 <8 
Testosterone None 10 51 < 4 
Dihydrotestoster- lO 5 29 7 
one 
Dehydroepiandros- Trace 10 29* <7 
terone 
Androsterone None lO 29* < 7 
• Based on the recovery of dihydrotestosterone in the 
same fract ion 
TABLE IV 
Estimates of the quantities of several free and 
conjugated androgens in sebum from the foreh ead. 
Sebum was collected by direct solvent washing of the 
skin of 10 men (200 em' of skin) 
Jnstru· 
Ngde- ment Esti-sensi-tected in t ivity Steroid mated injected 
aliquot (mini - recovery maxi-mumng (%) mum (1/10 of ng/100 
sample) measur-able on em• 
GC) 
Free 
Dihydrotestoste - Trace 5 19 < 132 
rone 
Androstanedione Trace 20 84 < 119 
Conjugated* 
Testosteronet None 40 - <200 
Etiocholanolonet None 40 - <200§ 
Dihydrotestoste- 9 5 39:j: 115 
rone 
Androsterone 25 10 39:j: 321 
Dehydroepiandros- None 10 39 <128 
terone 
Androstanedione None 20 - < 100 
Androstenedione None 2C 
- < 100§ 
* The conjugated steroid fraction was subjected to 
HCIO, solvolysis . 
t Chromatographed as the free steroids 
:j: Based on the recovery of DHEA (added as th~ 
sulfate) from the same fraction 
§ Not corrected for recovery 
of free androstanedione, dihydrotestosterone, and 
dehydroepiandrosterone in sebum from the upper 
back. However , the quantities of these androgens 
did not exceed 7 ng/100 cm 2 of skin . Sebum frotn. 
the forehead was examined for free dihydrotes-
tosterone and free androstanedione. Both ap. 
peared to be present in trace amounts. Among the 
conjugated ste roids sought, only dihydrotestoster-
one and androsterone were tentatively identified. 
The level of androsterone (321 ng/100 em 2 of skin) 
was less than 3 percent of the leve l reported by 
Oertel and Treiber for thigh skin (12.8 J.Lg/100 cmt 
of skin). 
Dihydrotestosterone, a potent androgen which 
has not previously been reported to be present in 
sebum, was tentatively identified in a ll our sam-
ples. Conclusive id entification was impossible 
with the small amounts recovered , but evidence 
from peak augmentation analysis was consistent 
with the conclusion that dihydrotestosterone was 
present in the samples. After routine chromatog-
rap hy of an aliquot of a sample, a second aliquot 
was injected simultaneously with a small amount 
of authentic steroid derivative. There was no 
difference in retention times between the original 
peak and the augmented peak, and no peak 
skewing, peak splitting, or peak broadening was 
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observed in t he augmented peak when the dihy-
drotestosterone fractions (TLC fract ion II) were 
tested in this way. 
DISCUSSION 
The report by Oertel and Treiber t hat micro-
gram quantities of androgenic steroids could be 
detected on t he skin surface suggested the intrigu-
ing possibility t hat the_ skin _might play an impor-
tant role in t he excretwn of t hose androgens [2 ]. 
However, from the studies reported herein we 
have been unable to confirm their estimates of the 
quantities of t he several androgens excreted, de-
spite use of t he same collection technique and a 
more sensitive analytic method. The use of radio-
active steroids to monitor recovery would make 
unlikely t h e possibility t hat t he steroids have been 
underestimated because of loss during t he purifi-
cation procedure. Although inefficien t extraction 
of conju gates from the cotton used to swab the 
skin is a possibility in the thigh and back experi-
ments this potential source of error was elimi-
nated by the face experiment in which the solvents 
were applied directly to the skin surface. 
Another possible exp lanation for the discrepa-
ncy would be t hat t he color reactions which Oertel 
and Treiber used lack adequate specificity and 
thus they overestimated t he amounts of C 19 -
steroids. Final possibilities are very large biologi-
cal variabili ty between their subjects and ours or 
differences in bathing habits . In any case it is 
unlike ly t hat t he sebaceous glands are important, 
quantitatively, in t he total body excretion of 
androgens. Whether t he very small amounts of 
dihydrotestosterone and other steroids whic h do 
seem to be present on the skin surface are impor-
tant in acne and other androgen-related skin 
disorders remains to be determined. In this con-
nection , it is of interest t hat androgenic steroids 
have been detected on t he skin surface of t he 
axilla [7, 8]. That the excretion in the axi ll a 
exceeded that on the general body surface sug-
gests that t he apocrine gland, whose responses to 
endocrine sti muli a re probably similar to t hose of 
the sebaceous gland, might be a major site for 
androgen excretion by t he skin [8]. 
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